Background: Obesity is a well-established risk factor for cardiovascular disease, diabetes, hyperlipidemia, hypertension, osteoarthritis, and stroke. Stimulants, such as ephedrine and caffeine and their herbal counterparts, have proved effective in facilitating body weight loss, but their use is controversial due to their undesired effects. Other nutraceuticals have shown moderate success in reducing body weight, whereas several other compounds have demonstrated little or no effect. Therefore, a tolerable and effective nutraceutical that can increase energy expenditure and/or decrease caloric intake is desirable for body weight reduction.
INTRODUCTION
Obesity, defined as an unhealthy amount of body fat, is now a well-established risk factor for cardiovascular disease, diabetes mellitus, hyperlipidemia, hypertension, osteoarthritis, and stroke. 1 It is also strongly linked to an increased risk for morbidity and mortality, 2 contributing to Ͼ280,000 deaths per year in the United States. 3 Unfortunately, obesity has reached epidemic proportions in North America. 4 Nearly one third of the US population are clinically obese, and more than half are overweight. 5, 6 Standard treatment options for obesity include reducing caloric intake and/ or increasing energy expenditure. Caloric restriction has been shown to facilitate short-term body weight loss. However, it is often accompanied by an adaptive decrease in metabolic rate, making further body weight loss and/or maintenance difficult. 7 Increased physical activity has been shown to be moderately successful in stimulating body weight loss and weight maintenance in obese individuals. [8] [9] [10] [11] [12] However, adherence to behavioral changes, such as a structured exercise program, is generally poor, hindering the effectiveness of such programs. 13 Specifically, Ͼ50% of individuals who initiate an exercise program discontinue within 6 months. 13 For these reasons, many health care practitioners and obese individuals are turning to pharmaceuticals and nutraceuticals to treat obesity. Current pharmaceutical approaches focus on methods to reduce food intake, either via the central nervous pathways or via the gastrointestinal tract. New drugs include sibutramine, a selective serotonin and norepinephrine reuptake inhibitor that elicits dose-dependent body weight reduction in obese individuals, 14 and orlistat, a specific inhibitor of gastric and pancreatic lipase activity that reduces gastrointestinal fat absorption by ∼30% and also has demonstrated efficacy in achieving body weight loss in obese individuals. 15 Unfortunately, sibutramine exhibits common adverse events (eg, dry mouth, insomnia, anorexia, constipation) in 10% to 20% of users. 16, 17 Likewise, orlistat has been accompanied by adverse events (eg, fecal urgency, oily spotting, fatty stools, flatus and discharge, increased defecation, fecal incontinence) in 10% to 30% of participants. 18, 19 Stimulants, such as ephedrine and caffeine, and their herbal counterparts, ma huang and guarana, have proved effective in facilitating body weight loss. [20] [21] [22] However, their use is controversial due to their ability to cause undesired effects, including tremors, insomnia, nervousness, dry mouth, palpitations, tachycardia, hypertension, and mood-altering effects. 20, 21, [23] [24] [25] Other nutraceuticals, such as green tea and certain fibers, have shown moderate success in reducing body weight, 26, 27 whereas several other compounds (eg, hydroxycitric acid) have demonstrated little or no effect. 28 Therefore, a tolerable and effective nutraceutical that can increase energy expenditure and/or decrease caloric intake is desirable for weight reduction.
This study investigated the effects of a stimulant-free dietary supplement on body weight and fat loss in healthy, overweight adults. This supplement was standardized to contain a novel blend of glucomannan, chitosan, fenugreek, Gymnema sylvestre, and vitamin C. It is believed that dietary fibers such as glucomannan may provoke body weight and fat loss by acting as a bulking agent, thereby increasing satiety and reducing caloric intake, ingestion rate, and nutrient absorption. [29] [30] [31] [32] [33] Chitosan is a unique, indigestible, nonplant fiber that may aid in body weight loss by reducing fat absorption in the intestinal tract. The addition of ascorbic acid to chitosan has been shown to improve the ability of chitosan to bind to dietary fats and inhibit their digestion. 34, 35 Other herbal compounds, such as fenugreek and G sylvestre, also may induce body weight and/or fat loss in humans through several mechanisms. Among the various constituents found in fenugreek seeds, their fiber and amino acid components have been shown to exhibit blood glucose-lowering activity. 36 The leaf of G sylvestre has been shown to inhibit body weight gain in rats fed a high-fat diet 37 and to significantly decrease fat digestibility. 38 Although the findings on the effectiveness of these compounds in promoting body weight and fat loss are scarce, a theoretic basis exists for their use as weight loss agents. Thus, the primary objective of this trial was to assess the tolerability and effectiveness of a novel, stimulant-free nutraceutical in reducing body weight and fat and changing body composition. In addition to the assessment of the potential for this product to aid in body weight loss of obese subjects, the influence of this nutraceutical on upper abdominal, waist, and hip circumference; heart rate; and blood pressure was investigated. Waist circumference and body fat percentage were of particular interest because some reports [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] indicate that they are better predictors of cardiovascular disease than either body mass index (BMI) or waist-to-hip ratio.
SUBJECTS AND METHODS Subjects
Adult volunteers were recruited from the Guelph (Ontario, Canada) community through an advertisement in a local newspaper. Approval for this study was granted by the Human Ethics Committee of the University of Guelph (Guelph, Ontario, Canada), and written informed consent was obtained from each participant.
Men and women aged 20 to 50 years with a BMI ≥30 kg/m 2 were eligible to participate. Exclusion criteria included a history of cardiac disease, diabetes mellitus, hypertension (blood pressure Ͼ160/Ͼ100 mm Hg), or psychiatric disorders; use of monoamine oxidase inhibitors; pregnancy or lactation; thyroid disease; use of other dietary aids or enrollment in a weight loss program; and allergy to any of the ingredients used in the treatment.
Study Protocol
In this single-center, prospective, double-blind, placebo-controlled study, subjects were randomized to the treatment group or the placebo group by drawing cards containing randomization codes. Every 2 capsules of the dietary supplement* were standardized to contain a proprietary blend of glucomannan, chitosan, fenugreek, G sylvestre, and vitamin C, weighing 1395 mg. The treatment and placebo capsules (rice flour) were indistinguishable in size, color, weight, and appearance. The treatment and control groups were asked to consume 2 capsules of the supplement 3 times a day, 1 hour before meals. To help ensure compliance, participants were asked to record the number of capsules taken at the end of each week and to return any unused capsules at the completion of the study. Each group consumed the capsules for a period of 6 weeks. Subjects were instructed to continue their regular diet and exercise patterns. They also received instructions on how to properly complete the daily dietary intake record; and they were asked to complete these records on 2 occasions for periods of 3 days (days 1-3 and days [40] [41] [42] . The records were analyzed by Food Processor (Salem, Oregon). Subjects also completed a weekly activity log and side effect questionnaire.
*Trademark: Calorie-Care (NxCare Inc., Guelph, Ontario, Canada).
Subjects reported to the laboratory on 2 occasions-baseline and week 6-and were weighed wearing only essential clothing after they had fasted for 3 hours and voided. At both visits, total body weight was assessed using a calibrated medical scale (Health-O-Meteră, Continental Scale Corp., Chicago, Illinois) accurate to 0.1 kg. Body composition was determined using bioelectric impedance (Bodystat 1500ă, Bodystat Inc, Tampa, Florida). In addition, height, blood pressure (Dinamap Plus, Johnson & Johnson, New Brunswick, New Jersey), resting heart rate (Dinamap Plus), and circumference of the upper abdomen, waist, and hips were measured at each visit. Measurements at baseline and week 6 were taken at approximately the same time of day by the same investigator.
Statistical Analysis
Statistical analyses were done using the SAS system (SAS Institute Inc., Cary, North Carolina). The data were tested for normality using a normal quantile plot. An unpaired t test was used to assess between-group differences in baseline characteristics and the delta change scores from baseline to week 6. Differences between pretreatment and posttreatment dietary intake; body weight; percentage of body fat; absolute fat mass; lean body mass; BMI; upper abdominal, waist, and hip circumference; anthropometric measurements; and activity level were analyzed using a paired t test. All data are reported as mean (SD). P ≤ 0.05 was considered statistically significant. ]) were assigned to the treatment group (8 women, 4 men) or the placebo group (9 women, 3 men). No significant differences in age; body weight; percentage of body fat; absolute fat mass; lean body mass; BMI; or upper abdominal, waist, or hip circumference were found between the 2 groups at baseline (Table I ). No significant difference in blood pressure was found between the 2 groups, but the mean resting heart rate was significantly lower in the placebo group (P Ͻ 0.05).
RESULTS

Twenty
Two subjects (8.3%; 1 patient [8.3%] from each group) dropped out for personal reasons unrelated to the study, leaving 11 subjects (7 women, 4 men) in the treatment group and 11 (8 women, 3 men) in the placebo group.
Mean caloric intake and percentage of calories ingested as carbohydrates, fat, protein, and alcohol are shown in Table II . No significant differences in any of these variables at baseline were found between the treatment and placebo groups. Furthermore, supplementation with either placebo or the dietary supplement had no significant effect on mean total caloric intake or mean percentage of calories ingested as carbohydrates, fat, or protein. However, mean (SD) alcohol intake decreased in the treatment group from 5.1% (5.1%) to 3.2% (4.8%) of total calories ingested after 6 weeks (P Ͻ 0.05 vs baseline). Twenty-two participants (92%) completed the study, with 93% (8%) and 96% (4%) (P Ͻ 0.05) compliance with the dosing regimen in the treatment and placebo groups, respectively.
Body composition (mean body weight; percentage of body fat; absolute fat mass; lean body mass; BMI; and upper abdominal, waist, and hip circumference) at baseline and week 6 are shown in Table III . The decrease in mean body weight was significantly higher in the treatment group compared with the placebo group (Ϫ2.3 kg vs 0.0 kg; P Ͻ 0.01). The treatment group also achieved a significant reduction in mean percentage of body fat compared with the placebo group (Ϫ1.1% vs 0.3%; P Ͻ 0.05). In addition, the treatment group lost significantly more absolute fat mass compared with the placebo group (Ϫ2.0 kg vs 0.2 kg; P Ͻ 0.001) and experienced a significant reduction in BMI compared with placebo (-1.0 kg/m 2 vs 0.0 kg/m 2 , respectively; P Ͻ 0.05). Neither group experienced a significant change in LBM. In terms of anthropometric measurements, the treatment group experienced a significant reduction in upper abdominal circumference (Ϫ4.5 cm vs Ϫ0.7 cm), waist circumference (Ϫ4.1 cm vs 0.1 cm), and hip circumference (Ϫ2.9 cm vs Ϫ0.6 cm) compared with the placebo group (all P Ͻ 0.05). Because 1 subject (9.1%) in the treatment group had an initial BMI of 50.9 kg/m 2 , statistics were performed with and without this subject's data to determine whether the results were skewed. After performing the statistics without this subject's data, all significant results remained significant (Table IV) . Therefore, this patient's data were included in all analyses. Table V lists the body weight for each participant at baseline and week 6. Every subject in the treatment group lost body weight.
Heart rate and blood pressure data are shown in Table VI . No significant changes in heart rate or blood pressure were found.
Activity records confirmed no significant differences in activity levels between the groups.
Adverse events reported by subjects are shown in Table VII . Two subjects (18.2%) in the treatment group and 2 (18.2%) in the placebo group reported adverse events, which included constipation, headache, and indigestion (1 subject [9. 1%] each in the treatment group) and dry mouth, irritability, and nausea (1 subject [9.1%] each in the placebo group). None of these adverse events were considered treatment related. 
DISCUSSION
This is the first study to investigate the combined effects of glucomannan, chitosan, fenugreek, G sylvestre, and vitamin C on body weight and fat loss and body composition in humans. In this study, this stimulant-free dietary supplement significantly reduced total body weight, percentage of body fat, absolute fat mass, and waist circumference compared with placebo. Although we were investigating the effects of a proprietary nutraceutical blend on body weight and fat loss, our results agree with studies 27,44-47 using many of these compounds individually. Dietary fibers are well documented to possess various physiologic and biomechanical properties that may aid in body weight loss. Amorphophallus konjac, otherwise known as glucomannan, is a dietary fiber consisting of repeating units of B-1,4 D-glucose, and D-mannose and is reported to be the most water-soluble fiber (97%), expanding up to 200 times its original volume when combined with water. 48 It is believed that dietary fibers, including glucomannan, may provoke body weight loss by acting as bulking agents, thereby increasing satiety and reducing caloric intake, ingestion rate, and nutrient absorption. [29] [30] [31] [32] [33] Glucomannan is a highly viscous fiber, more so than pectin and 5-fold more than guar gum. 49 Due to this high viscosity, glucomannan has been reported to decrease the postprandial increase in blood glucose and insulin levels. 50 The viscosity of glucomannan can vary greatly depending on its purity and manner of preparation. It is believed that the higher the viscosity, the more profound the effect on blood glucose and insulin levels, 49 although this theory is controversial. It is hypothesized that the viscosity of glucomannan prolongs the absorption of macronutrients, thereby reducing the postprandial response rather than causing malabsorption. 51 An animal study 52 has shown that glucomannan can form a gel around food particles, causing carbohydrates and lipids to be absorbed at a slower rate. Treatment with glucomannan also has been shown to increase insulin sensitivity in patients with type 2 diabetes mellitus in as little as 3 weeks. 53 Obesity often is associated with hyperglycemia and poor insulin sensitivity. 54 Research by Walsh et al 44 showed that supplementation with 1 g of glucomannan 3 times per day resulted in body weight loss comparable to that found in our trial. Chitosan, a deacetylated derivative of chitin that is found in the exoskeleton of shrimp and crabs, is a unique, indigestible, nonplant fiber that may aid weight loss by reducing fat absorption in the intestinal tract. Whether chitosan can cause weight loss is inconclusive, as results vary from no effects 55 on body weight loss to mild 27 or moderate effects. [45] [46] [47] The unique positive charge of chitosan allows it to bind to negatively charged lipids and form a chitosan-fat gel 4-to 5-fold its original weight, causing the lipids to be trapped and excreted. 56, 57 The addition of ascorbic acid to chitosan has been shown to improve the latter's ability to bind to dietary fats and inhibit their digestion. 34, 35 This synergistic effect is attributed to the ability of ascorbic acid to reduce the viscosity of chitosan in the stomach, increase the oil-holding capacity of chitosan, and reduce the likelihood of trapped fat escaping the chitosan gel. 35 Other herbal compounds, such as fenugreek and G sylvestre, also may induce body weight and/or fat loss through various mechanisms. Fenugreek is an annual herb cultivated in southern Europe, northern Africa, and India. 58 Among the constituents of fenugreek seeds, their fiber and amino acid components have been shown to exhibit glucose-lowering activity. In a study involving patients with type 1 diabetes mellitus, defatted fenugreek seed powder was found to significantly reduce fasting plasma glucose levels and to improve scores on the glucose tolerance test. 36 The fiber found in fenugreek has been shown to reduce the rate of diffusion toward the absorptive mucosal surface and thus alter glucose absorption. In addition, the soluble fiber fraction increases the viscosity of the gastric contents, increases the thickness of the unstirred layer in the small intestine, and inhibits the uptake of cholesterol and bile acids. 59 Thus, fenugreek may aid in body weight loss by improving blood glucose control.
The leaf of G sylvestre is another herb that has been shown to exhibit antihyperglycemic effects in animals. 60 It has also been shown to inhibit weight gain in rats fed a high-fat diet 37 and to significantly decrease fat digestibility. 38 Therefore, it is feasible that the addition of G sylvestre to a combination of glucomannan, chitosan, and fenugreek may have an additive or synergistic effect on lipid absorption, glucose control, and, ultimately, weight loss.
The studies herein* suggest that the individual compounds used in this dietary supplement may induce body weight loss by altering the timing or absorption of macronutrients. Thus, it is possible that the significant fat loss in the treatment group can be attributed to a shift in lipid metabolism and/or absorption, potentially by improved blood glucose control. It also may be attributed to a reduction in caloric intake, although our results do not support this.
* References 27, 34, 35, 37, 38, [44] [45] [46] [47] 50, [51] [52] [53] 59. We hypothesized that the blend of glucomannan, chitosan, fenugreek, G sylvestre, and vitamin C in the dietary supplement we studied would have a synergic effect, possibly due to increased gel formation, resulting in delayed digestion and prolonged transit time in the stomach. Prolonged transit time theoretically would allow chitosan to bind an increased amount of fat and could possibly result in a greater percentage of lipids being trapped and malabsorbed. Furthermore, the glucomannan in this supplement may increase satiety and insulin sensitivity, and reduce caloric intake. Therefore, this novel combination of fibers may both reduce caloric intake and lipid absorption, leading to body weight loss. Although the exact mechanism by which the nutraceutical combination used in our study induces body weight loss is unclear, results in vitro 35 and in animal studies 37, 38, 52, 57, 59 suggest that the individual compounds may be capable of delaying glucose absorption, eliciting lipid malabsorption, reducing caloric intake, and improving insulin sensitivity.
To further examine in humans the therapeutic potential and mechanism of body weight loss of the dietary supplement in this study, future trials should investigate substrate oxidation, insulin sensitivity, fat malabsorption, fasting lipid levels, and 24-hour energy expenditure. The present trial assessed the effectiveness of a novel dietary supplement over a relatively short time period. Thus, future trials should investigate the long-term effects of this supplement on body weight loss and maintenance.
CONCLUSION
Within the context of this study, the novel combination of glucomannan, chitosan, fenugreek, G sylvestre, and vitamin C results in significant body weight and fat loss in obese adults.
